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of  production  of  synthetic  rub- 
es,y^e  National  Bureau  of  Standards 
of^equests  for  data  concerning  the 
he  raw  materials  used  for  making 
variety  to  be  produced  in  largest 


amounts  is  Buna  3,  and  conseouently  data  are  very  often  re- 
quired for  butadiene  and  styrene,  the  materials  which  are 
co-polymeri zed  to  make  Buna  S. 


A search  of  the  literature  has  been  made,  and  certain 
properties  have  been  measured  at  this  Bureau  in  the  course 
of  investigations,  the  results  of  which  in  many  cases  have 
not  yet  been  published.  The  values  which  are  regarded  as 
the  most  reliable  at  the  present  tim.e  (December  19^2)  have 
been  collected  and  put  into  tabular  form.  They  are  presented 
at  this  time  in  order  to  meet  an  immediate  demand  for  such 
data.  It  should  be  recognized  that  in  most  cases  they  have 
not  been  checked  by  independent  observations.  Revisions 
will  be  made  as  further  information  becomes  available. 

Especial  thanks  are  due  to  the  Phillips  Petroleum  Co. 
for  making  available  their  unpublished  m.easurements  of  the 
density  of  liquid  butadiene  at  different  temperatures. 

For  the  convenience  of  engineers  accustomied  to  using 
the  British  engineering  system,  certain  values  are  also 
given  in  the  units  of  this  systemi.  They  were  obtained  by 
conversion  fromi  the  metric  values  given  in  the  first  part  of 
each  table. 
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Some  Physical  Properties  of  1 , 3-Butad-iene  (Cont) 

(Metric  system  units ) 

Property  Value  Source 

Heat  of  formation  of 

vapor  at  25°  ^ 26,S65  cal ‘mole”  5 


iH  VO  r-- 


150 


OJ 

r; 

CD 

•H 

-p 


CO 

d 

•p 

d 

*P 

d 

fp 

d 

o 

1 — 1 

CO 

1 

a d 

O -H 

CD 

o 

u d 

P 

p d 

d 

H 

hD 

CO 

I— 1 

I 

(D 

ho  a 

o 

(D 

'd 

d o 

> 

H 



<tj  d 

H O 

I s 

• 

-P 

d 

o ® 

bD  • 

I 

OJ  bD 

» tH 

bD 

• d 

vy 

1 — 1 flj 

• 

rd<il 

Oj  O 

1 — 1 

r — 1 

Ud 

o 

d 

VD 

• 

o 

o 

II -d- 

I — 1 

Lfvd' 

KA 

fl 

1 — ! 

LHCTn 

o^ 

d ^ 

O - 

H 

CVJ 

o 

LO, 

II  II 

p 

1 — 1 o 

• 

• 

OJ 

1 — t VO 

o 

I — 1 

cd  o 

CD 

1 

p 

rH 

d 

cd 

p 

•rJ 

•p 

bD 

•p 

tp 

d 

rP 

cd 

Is 

o 

p 

(D 

o" 

d 

1 — 1 

Ph 

cd 

d 

•H 

o 

o 

cd 

o 

CD 

d 

d 

1 — 1 

Cp 

p 

d 

CD 

o 

o 

CO 

o 

CO 

Ph 

d 

•H 

M 

<p 

M 

Ud 

d 

P 

G 

CO 

o 

(U 

OD 

d 

CD 

p 

CO 

Ltd 

d 

. 

■■d 

I 

o 

a 

X 

d 

OJ 

d 

CD 

p 

d 

cd 

•p 

d 

d 

cd 

•pH 

P 

<p 

1 — 1 

a 

a 

P 

P 

(U 

CD 

o 

cd 

o 

1 — 1 

Cm 

o 

cd 

rj 

dJ 

CO 

cd 

d 

o 

Cd 

P, 

o 

> 

CD 

1 — ! 

•P 

Cm 

•p 

d 

p 

CD 

O 

Lr\ 

•H 

d 

1 — 1 

d 

O 

Ip 

o 

CO 

O 

•H 

Ol 

P 

•H 

CD 

a) 

d 

o 

d, 

d 

a 

Cp 

O 

1 — 1 

O 

p 

CO 

o 

d 

cd 

o 

p 

•H 

p 

Cd 

1 

cd 

p 

•p 

p 

t> 

o 

cd 

O 

cd 

d 

n 

P 

a 

•p 

p 

Cd 

oj 

QJ 

Ph 

•P 

a 

CD 

CD 

d 

p 

td 

CO 

fh 

d> 

oP 

I 


-p 

c: 

o 

o 


Q) 

C 

O) 

•rM 

c6 

p 

P 

fQ 

I 


o 

CD 

Oj 

•H 

P 

u 


•H 

CD 

nC:! 

Ph 

(D 

s 

o 

CD 


CD 

P 

•rH 

c 

bD 

’’H 

(U 

o 

•H 

bD 

C 

(U 


fij 

Pi 

Ph 

CD 

O 

•H 

Pm  o 

P 

P 

O 

Ph 

•H  O 

c • 

P P 

P-  ^ 

1 — 1 

PQ  rH 

• VD 

c3 

^ d 

iH 

o 

> 

CVl  1 

c 

O 

jd- 


h■^ 

r^ 

« 


o 

O 

ai 


cvi 

dD 

150 

=1" 


o 

o 

o 

: — I 


150 

150 

CTn 

• 


c 

O 

ISO 


c 

o 

OD 


O 

iH 

• 

Ln 


I — I 
O' 
CVJ 

• 

L^^ 


Pm 

o 

O 


o 

O 

cu 


o 

o 

o 


150 

150 

KO) 

m 


l=i- 

to 

LCO 


rd" 

OO 

cr\ 

Lr\ 


o 

o 

■60  KD 


Pm 

O 

Lf^ 

o 

I — I 


Lr^ 

^o 


c 

o 


VD  OD 


o- 

CVl 


o 

o 

M 


VD 

VD 


VO 


>~j 

P. 


o 

150 

o 

c 

ai 

O- 

P 

o 

c 

ov 

O 

ca 

rH 

p 

O 

hO 

pp 

VD 

0) 

• 

0 

e 

LOi 

o 

0- 

«H-H 

LPn 

o 

OJ 

• 

OH 

• 

d" 

p 

c 

3'" 

O 

LTV 

ai 

1 — 1 

• 

O 

d" 

aj 

VD 

p 

CVJ 

• 

• 

H *H 

L^^ 

c 



150 

CVi 

ro 

r-- 

« 

rH 

1 

O 

VO 

9 

id 

r\  1 

Pm 

rP 

o 

o 

LTO 

o 

VO 

OH 

CVJ 

1 — ! 

LPi 

«> 

O 

VD 

9 

o 

1 — 1 

O 

bD 

0) 

9 

p 

UTV 

o 

1 

p 

ffi 

(D 

(D 

flj 

150 

VD 

p 

P 

Ph 

P 

Ph 

P 

C\J 

• 

e 

rH 

B 

rH 

S 

1 — 1 

UP 

OH 

(D 

d 

CD 

d 

(D 

P 

• 

a- 

Em 

> 

Em 

> 

EM 

> 

rH 

rH 

p 

nj 


bDP 


cti 


•iM 

P bD 

cu;. — . 

P 

•H  P bD 

p 

P 

• 

+-■> 

Cj 

O P P 

fn  'H 

P 

P CD 

•H 

P 

• 

^ CD  -H 

O 1 — 1 

•H 

»H  9 

P 

CD 

CO  rH 

•H  -H 

p 

pi 

pi 

•hm  0 -H 

^ o 

Pi 

B 

p 

O P O 

oj 

P 

4^ 

o P 

PrQ 

N] 

bo 

p 

>HiH 

•H 

p p 

CDOJ 

0 

P 

CO  1 

> 

o 

P P 

bDPd  rH 

•H 

•H 

P 1 — 1 

p 

CD  P 

P -H 

P d p 

1 — i 

O 

<D  d 

p 

O t> 

CO 

P -H  E 

•H 

Pi 

'P  bD 

bD 

P 

CO  ^ 

^ IS  p 

P Q 

O 

• 

ou 

CD  I — 1 

o o 

> P 

>5 

,o 

bO 

p p 

o 

P Pm 

p 

p p -d 

P 

P 

p 

P rH 

•rH 

CU 

Pi  P 

cp  P P 

Cm 

P 

P 

1 — 1 

■H 

QJ 

Ch 

Ij-H  O 

•H 

O -H  0 -H 

O 0 

•H 

P 

isl 

P P 

•H 

QJ  O 

P 

o Pd  o 

Pd 

O 

P, 

s 

(D 

d .H 

O 

PVD 

O P 

0 p|P  p 

p p 

P 

O 

p 

(1) 

p, 

CU 

P 

p 

p 

P 

p 

P 

p. 

Ph 

P 

p 

0 

Ph 

s 

Pm 

<d 

CD 

> 

pel 

IP 

/ 


t 


,'.t 


CTn  I — I 


<u 

o 

u 

o 

CO 


o o o 

rH  (H  iH 


O OJ  rH  rH 

I — I I — I 


I 

m 

1 


o 

a 

(D 

CO 

C 

0) 

rQ 

tH 

•H 

> 

rd 

c: 

Clj 


0) 

c: 

0) 

Sh 

■P’ 

CO 

'm 

O 

CO 

(D 

•H 

4-3 

CD 

Ph 

O 

P 

I — I 


j — I 
O 
A 

4-3 

CD 


0) 

P 

CD 

I — ! 

I>- 

+3 

<X) 

( — i 


CD 

4-3 

•H 

P 

d 

s 

0 

43 

CD 


0 

p 


0 

o 

•rM 


o 

o 

LP 

3:^- 


CTn 

O 

o> 

r— 


o 

o 

cu 


K» 

rp 

rH 

150 


o 

o 

o 

I — I 


CVI 

CVI 

rp 

150 


o 

o 

ISO 


V£) 

o 

LP 

150 


o 

o 

MO 


o 

o 

3:^ 


CP 

'v.O 

ISO 


fp 

p- 

1S0 

150 


ru 


o 

o 

LPIO 


CP 


I — I 


o 


o 

o 

OJ 


3^" 


LP 


CD 

UD 

p- 


bo 

0 


MO 

• ' 

o> 

MO 


O 

LP 

OJ 


o 

o 


MO 

MO 


MO 
O LP 


I — 1 
1 

P 

u 

d 

o 

u 

0 

s 

Cm 

O 

s 

e 


I — I 
I 

o 


o 5D 
0 
bOTO! 

0s_^ 


cd 

A 

0 

0 

rH 

ISO 

A 

• 

0 

0 

43 

ou 

CP 

G 

0 

H 

1 1 

•fH 

C 

0 

• 

• 

0- 

' — » 

1 

I 

• 

1 

0 

0 

S£: 

bD 

(M 

0 

0 

0 

1 1 

0 

P 

e 

0 

0 

0 

1 ^ 

.3- 

H 

1 — 1 

1 — t 

A 

1 

1 — 1 

d 

jd" 

MO 

P- 

LI  ' 
f*\  1 

• 

bD 

1 

0 

1 

0 

bD 

0 

Ai 

A 

0 

CVl 

1 

UVJ 

MO 

0 

bD 

G 

bD 

G 

« 

G 

A 

0 

0 

p 

0 

II 

A 

« 

• 

0 

0 

A 

• 

0 

•rH 

0 

• 

( — 1 

- ' 

1 — 1 

1 — 1 

A 

A 

A 

1 — 1 

S 

0 

Dd" 

0 

0 

P 

A 

cd 

A 

A 

0 

A 

0 

4d- 

0 

0 

« 

P- 

0 

0 

0 

0 

0 

ro 

0 

rH 

OJ 

MO 

0 

0 

150 

rP 

• • 

d 

• 

• 

B 

P4 

A 

ISO 

1 — 1 

ISO 

3d- 

OAO 

.3)- 

LP 

1 — 1 

0 

0 

rH 

-d- 

LP 

0 

e 

1 — ! 

1 — 1 

bD 

0 

CM 

0 

• 

3d- 

e 

3J- 

jd* 

t 

0 

Cd 

0 

3d" 

rp 

0 

cd 

P 

0 

0 

• 

0 

MO 

0 

LPMO 

* 

rp 

s 

oj 

> 

rH 

H 

I 

E-i 

> 

1 

P 

1 1 

0 

ISO 

CM 

OJ 

03d- 

c 

p 

bD 

43 

0 

ISO 

43 

0 

P 

A 

A 

> 

AI 

tH 

A 

•H 

43 

43 

•H 

ISO 

0 

0 

A 

A 

r-t 

0 

A 

A 

0 

43 

0 

A 

LP 

0 

0 

•rH 

A 

bD 

•tH 

cd 

43 

0 

3d- 

0 

0 

A 

0 

A 

A 

A 

0 

0 

c 

Cm 

A 

'd 

0 

1 — 1 

0 

A 

0 

•rH 

0 

P 

LP 

A 

0 

•H 

A 

-43  0 

0 

G 

0 

1 — 1 

•tH 

CVJ 

0 

0 

rH 

Cm 

A 

cd 

0 

0 

P 

0 

•tH 

43 

bD 

P 

43 

P 

I 

0 

4-3 

A 

A 0 

0 

Cm 

0 

A 

0 

A 

A 

A 

rH 

JP 

rH 

A 

A 

LP 

A 

0 

Ph 

A 

tj 

•rH 

A 

bD 

bD 

43 

e 

0 

A 

03d- 

bD 

0 

•rH 

I — 1 

A 

•rH 

A 

A 

« 

bD 

0 

0 

A 1 — 1 

0 

G 

bD 

A 

! 1 

A 

•rH 

0 

A 

CD 

•rH 

•rH 

bD 

A 

PfO 

A + 

cd 

G 

A 

43 

A 

0 

0 

•tH 

A 

:s 

I — 1 

0 

cd 

G 

0 

A 

•rH 

G 

PA 

0 

0 

•rH 

P-H 

A 

jA 

0 

A 

0 ^d 

A 

A 

A 

Is 

A 

A 

d 

A 

A 

0 

•rj 

0 

43 

0 

0 A 

•fH 

•rH 

0 

0 

> 

1 — 1 

Cm 

p 

cd 

bD 

0 

A A 

43 

A 

43 

A 

0 

43 

1 — 1 

A 

P 

Cm 

•A 

Is 

P 

43 

P 

Cm 

A 

A 

Cm 

G 

P 

•rH 

A 

d 

rH 

•H 

43 

0 

43 

43 

0 

0 

•rH 

0 

P 

0 

A 

0 

P 

0 

0 

Cd 

tJ 

•fH 

•rH 

0 

A ISO 

0 

A 

0 

0 

•H 

Ph 

0 

g 

0 

0 

0 

A 

0 I 

0 

P 

43 

P 

43 

A 

43 

0 

0 

rH 

A 

0 

A 

43 

P 

43 

A 

A 

0 

A 

0 

0 

A 

0 

Cd 

A 

A 

0 

0 

P 

A^ 

S 

0 

PA 

> 

(A 

tP 

A 

CD 

V 


« 


(U 

o 

o 

CO 


o 

I — I 


o cu 

I — I I — I I — 1 


o 

o 


(D 

s:; 

CD 

<D 

P 

, — » 

CD 

CD 

P 

■p 

P 

CO 

•i—i 

P 

CD 

pi 

o 

ft 

e 

O 

CD 

0) 

(D 

p 

• — ' 

•H 

CD 

CD 

P 

1 — i 

s 

fn 

CO 

1 

p 

0) 

p 

ft 

o 

O 

O 

o 

'H 

t> 

u 

hD 

I 1 

ft 

P 

CD 

I 

0) 

p 

S 

P 

1 — 1 

•^-1 

o 

cti 

« 

o 

VD 

CD 

•rH 

! 

CD 

1 — 1 

CD 

O 

P 

e 

1 — ! 

1^ 

V'  J 

VD 

p 

ft 

rft 

Xl 

O 

(D 

p- 

P 

(D 

:3 

-•d- 

O 

1 — 1 

s 

1 — 1 

Lr'\ 

VO 

• 

P 

O 

cfl 

e 

ir\ 

CVl 

• 

CO 

> 

I — \ 

I 

tft 

P 

o 

1 P 

P 

P P 

•rH 

p 

o 

bflp 

CD 

O''. 

P 

p 

CD 

p 

ft 

o 

X! 

K- 

tS- 

O CD 

ft  o 

CD 

4-3 

4-3 

U CD 

ft  P 

CD 

P 

ft  P 

X c 

O P 

P o 

P 

CD 

P 

CD  P 

'P  OJ 

CD 

CD  O 

o 

s x; 

p 

?:iC'  CD 

P VO 

■H 

aj  P 

•H  -P 

p > 

p C\J 

CD 

— 1 S 

06 

P "H 

p 

P 

ft 

(D 

Pi 

p p 

CD 

P 

i>  CO 

O O 

p p 

P 

ft  'H 

■H  P 

c6 

CD  06 

O 

p 

P -H 

ft  P 

ft 

CD 

P 

U 

O 1 — 1 

o ft 

S o 

O 

CD  O P 

QJ 

o6  1 

CD 

CD  h- 

P 

■P  'rH  "iH 

P- 

P O 

(D  P P P 

ft 

P P P 

O 

ft 

P 

P 

a 

P 

CD 

P 

P 

ft 

ft 

ft 

CO 

p 

I 


: •• 


4 

r- 

ji-j 

:4 


1 


) 


'i 


/ 


P 

p 

P 

o 

UP 

o 

• 

rp 

(OP 

KJ 

« 

a\ 

CJ^ 

UP 

VP 

-d" 

• 

KV 

(T\ 

H 

(TV 

• 

d- 

p 

p 

P 

p 

o 

O 

LP 

CO 

p 

o 

O 

CTn 

=± 

o 

O 

rp 

•60 

r‘'> 

C — 1 

o 

h- 

r'P 

p 

CO 

• 

UP 

1 — 1 

UP 

• 

O 

LJP 

O 

OJ 

a^ 

KV 

o 

o 

LP 

O 

r-- 

co 

CO 

o 

UP 

O 

OP 

p 

r-{ 

d- 

» 

1 — I 

» 

c: 

o 

o 

UP 

o 

O 

Ld" 

o 

UP 

c 

CO 

O 

LP 

O 

o 

O 

1 — ! 

• 

h- 

(OP 

o 

1 

• 

• 

CD 

P 

C 

CO 

P 

CD 

-p 

P 

•p 

O 

r:{ 

p 

UP 

rj* 

P 

-P 

p 

c 

CO 

c 

o 

o 

o 

CD 

CO 

O 

UP 

O 

1 — 1 

o 

a 

bD 

MD 

• 

VD 

av 

VO 

o 

q-l 

P 

• 

» 

p 

o 

•H 

o 

P 

CO 

CD 

• 

CL 

(D 

p 

•rH 

r~| 

p 

o 

• 

p- 

OP 

r-- 

•rH 

1 

P 

•P 

hD 

1 — * 

0) 

o 

P 

fP 

o 

P 

uv 

:d' 

C\J 

(TV 

o 

P 

LP 

j=Sr 

P 

o 

o 

P 

1 

o 

O 

o 

X 

P 

p 

bD 

1 — 1 

P-. 

Oj 

CD 

• 

'p 

o 

X 

P 

rH 

-P 

o 

■CO 

p 

CCj 

•p 

(D 

O 

CD 

CD 

CD 

CQ 

p 

p 

P 

• 

• 

P, 

P 

p p 

P 

d 

P 

T-, 

i-'Q 

1 — i 

rp 

iP 

S 

P 

S 

P 

a 

p 

P 

VO 

o 

. ^ 

Cti 

<T\ 

P 

CD 

P 

CD 

oj 

CD 

d 

• 

P 

r' 

> 

CVl 

1 

P 

> 

Eh  > 

Er^ 

> 

P 

I — 1 

P-; 

CD 

e 

o 

CO 

1 

P 

CD 

P P 

bDP 

CD 

P cd 

P 

P O 

•H 

P 

•P 

O 

I — 1 CD 

cd 

P 

x;  vD 

P P bD 

bD 

P 

• 

p 

O P P 

P P 

P 

P 

ro 

.rH  P 

• 

X CI-J  .H 

O P 

•H 

•P 

Is.'  Co 

CO 

CO  1 — 1 

tH  I — 1 

o 

X 

P CD  .H 

P .H 

p 

K-'a 

p P 

cd 

O P O 

cd  o 

P 

P CD 

PX 

INI  X 

hD 

P 

-P 

H 

■H  P 

(DP 

CD 

•r~i 

P 

P 

CO 

’ 

!>  d 

P 

P 

bDX  p 

^ ] — I 

•H 

•H 

P 

Id  Is 

d 

•H 

P p cd 

o cd 

1 — 1 

C 

JJ 

■6 

P 

CO 

cd  -H  s 

p a 

•rH 

p 

"d 

bi) 

ul)  O 

a 

CD 

X 

X ^ P 

cd  P 

o 

•) 

4-3 

d 

CD 

1 — 1 

O ' c 

> o 

.Q 

biO 

p 

O 

p 

P 

p p p 

p p 

pi 

p 

p 

1 — ! 

•rH  CD 

o 

P 

p 

p p p 

p p 

P 

1 — 1 

•p 

CD 

P O 

c6 

•H 

O -H  CD  -H 

o CD  p 

CD 

P 

tNl 

P 

C 

•H  P 

> 

P 

O X o 

X O 

P, 

a 

CD 

P 

•H 

O CD 

O 

p 

(D  PP  P 

p p p 

o 

p 

CD 

P 

CD 

P 

P 

cd 

u 

o 

P 

P 

P 

Oj 

cd 

CD 

p 

P 

< 

CO 

> 

P 

ffi 

9 


SOURCES 


1.  National  Bureau  of  Standards.  Unpublished  observa- 
tions. 

2*  National  Bureau  of  Standards,  Unpublished  calcula- 
tions . 

3.  Phillips  Petroleum  Co.  Research  Memorandum  l'fRD-13-^2. 

4-.  M.A.  Khoklovkin  and  A.V.  Kalacheva,  Determination  of 
the  vapor  density  of  butadiene.  Sintet.  Kauchuk  (U.5.S.R.) 

No.  l,'2g  (1936).  Chem.  Abstracts  30,  4o62  (1936). 

5.  F.D.  Rossini,  Heats  of  formation  of  gaseous  hydro- 
carbons. Chem.  Rev.  27,  1 (19^0)* 

6.  A.  von  Crosse,  RefractiA/-©  indices  at  low  tempera- 
tures. J.  Am,  Chem.  Soc.  2739  (1937)* 

7.  C.J.B.  Clews,  Crystal  structures  of  c'onjugated  hydro- 
carbons at  low  temperatures  - I Butadiene.  Trans.  Faraday 
Soc,  26,  749  (19409. 

G-.W.  Jones  and  R.E.  Kennedy.  Limits  of  inflammability 
of  butadiene  in  air.  Report  of  Investigations  R.I,  3565* 

U.S.  Bureau  of  Mines  (Aioril  194l).  Abstract  in  India  Rubber 
V/orld  ]^,  No.  4,  3U  (1941). 

9.  Dow  Chemdcal  Co.  private  communication  quoted  by 
Patnode  and  Scheiber.  J.  Am.  Chem.  Soc,  3^^9  (1939)* 

10.  If.  Patnode  and  If.J.  Scheiber,  The  density,  thermal 
expansion,  vapor  pressure,  and  refractiAre  index  of  styrene, 
and  the  density  and  thermal  expansion  of  oolys tyrene . J.  Am. 

Chom.  Soc.  61,  3449  (1939). 

1],  R.,H.  Smith  and  D.H.  Andrews,  Thermal  energy  studies - 
I Ph.-A.yU  derivatives  of  methane,  ethane,  and  some  related 
comp 'ds . J.  Am*  Cherci.  Soc.  5^,  3^44  (1931). 

a 2.  I'  3,  Hardy,  The  influence  of  chemical  constitution  on 
in'Gerfaozal  tension.  Proc.  Roy.  Soc.  London  ASS,  33I  (I9I3K 
Valu.  a.-  corrected  by  Iv.D.  Harkins,  F.E.  Brown,  and  E.C.H. 
DaA'ics,  Structure  of  rhe  surfaces  of  liouids.  J.  Am.  Chem.' 
Soc..  39 > 35^  11917' 

13-.  U.If.  jcn.eey  Scott,  a.nd  If.E.  Miller,  Limits  of 

inflan.mabili ty  ano  .'prntion  temperature  of  styrene  in  air. 
Report  of  Inves tiga 'jz-l res  R.I.  U.S.  Bureau  of  Mines 

(March  1942). 


■ vS'' • i’  ’* 


/ 


■ / .. 


,■/  .i-ix 


